INTRODUCTION
The virus particle structural proteins of some of the vesicular stomatitis subgroup of rhabdoviruses, VSV Indiana, VSV New Jersey, and Cocal viruses, have been characterized in various laboratories (Kang & Prevec, I969; Wagner, Schnaitman & Snyder, I969; Burge & Huang, I97O; Cartwright, Talbot & Brown, I97O; Mudd & Summers, I97o; Wunner & Pringle, I972) . As a group these viruses contain at least three major proteins: a glycoprotein (G), a nucleocapsid protein (N), and a membrane protein (M); in addition, they contain two or more minor proteins, including a large protein (L), an NS protein, and minor proteins A and B (Bishop & Roy, 1972; Wagner et aL I972) .
Brown and his associates have examined the biological activity associated with the VSV (Indiana) virus particle proteins (Cartwright, Smale & Brown, I97O ) . Their evidence suggested that the G protein of VSV Indiana was responsible for inducing virus neutralizing antibody, and this has been confirmed by Kelly, Emerson & Wagner (I972) . Brown's group also showed that the N and M proteins were associated with an infective virus skeleton, and this observation has been recently extended by Bishop & Roy 0972), who showed that on subsequent removal of the M protein, an RNA-N protein core could be obtained which also possessed the minor virus particle proteins and all the initial virus particle transcriptase activity. Cartwright & Brown (1972) extended their initial studies with VSV Indiana to determine the serological relationships of seven of the vesicular stomatitis subgroup of viruses. They suggested that virus strain specificity was determined by the surface glycoprotein antigen since detergent released infective skeletons (i.e. viruses lacking the G protein) could be neutralized by heterologous antisera. Moreover, the infective skeleton of RNAribonucleoprotein core isolated from these viruses showed considerable cross-reaction by complement fixation and serum neutralization tests. Two other rhabdoviruses, Chandipura and Piry, did not cross-react with the VSV subgroup of viruses when either intact virus or infective skeletons were used (Cartwright & Brown, I972) , although Murphy & Shope (1971) had previously detected a distinct cross-neutralization between these viruses and VSV Indiana.
In this study we report comparative electrophoretic analyses of the virus particle structural proteins of VSV New Jersey, Chandipura virus, and Piry virus with those of VSV Indiana by two different polyacrylamide gel electrophoresis systems. An identical comparison was also made between the proteins of Chandipura virus and Piry virus. Distinct electrophoretic differences were found between the major proteins of all four viruses examined.
METHODS

Reagents.
The following radiochemicals were obtained from New England Nuclear Cells. Monolayer cultures of baby hamster kidney (BHK 2~) cells were grown in 32 oz prescription bottles in reinforced MEM medium (Bablanian, Eggers & Tamm, I965) supplemented with IO ~ foetal calf serum. Virus infectivity titrations were performed by a standard plaque assay method with primary monkey cells used as described by Nakano, Gelfand & Cole (~966) .
Virus. The Indiana and New Jersey serotypes of vesicular stomatitis virus (VSV) were obtained from Dr R. W. Simpson, Rutgers University; Pity and Chandipura viruses were provided by Dr Robert Shope, Yale University. Each virus was cloned three times by picking a plaque from primary monkey kidney plates which contained less than five plaques per plate. Virus stocks prepared from individual plaque isolates were mixed with foetal calf serum (zo ~) and stored frozen at -9o °C. Infectivity titres ranged from I to 5 x ~o 9 p.f.u./ml.
Infection of cells. Confluent monolayers of BHK 2~ cells were infected with a freshly
cloned virus stock at an input multiplicity of o-I p.f.u./cell. After ~ h adsorption at room temperature, the cultures were overlaid with 4o ml of media and incubated at 37 °C for I9 h. In order to produce populations of virus containing T particles we used the same procedure of infection and virus growth as described above, except that the infecting virus Gradient sedimentation. Combination equilibrium:viscosity gradients of potassium tartrate (KT) and glycerol (GLY) were prepared in a Buchler triple outlet gradient maker with the aid of a peristaltic pump (Buchler Instrument Co., Fort Lee, N.J.). Sixteen ml of 3o ~ (w/w) glycerol in TE buffer (o.oo2 M-EDTA in o.0o2 M-tris, pH 7"4) was used in the inside feeder chamber and 14 ml of 5o ~ (w/w) KT in the outlet mixing chamber. This method produced three IO ml KT:GLY gradients in Spinco SW4I tubes with increasing density toward the bottom of the tube due to increasing KT concentration and decreasing viscosity due to decreasing glycerol concentration. Virus centrifuged in these gradients reached equilibrium within 3 h when centrifuged at 4oooo rev/min in a Spinco SW41 rotor; however, centrifuging for I5 h yielded a more compact virus band. In principle, these gradients are similar to the positive density-negative viscosity gradients described by Barzilai, Lazarus & Goldblum 0972).
Purification of virus.
After I8 h growth at 37 °C, virus was purified from the tissue culture fluids as follows. The fluids were clarified from cell debris by centrifuging at 4 °C for 3o min at 8ooo g. The supernatant fluids were mixed with 23 g NaC1 and 7o g of polyethylene glycol per 1 and the solution was stored in centrifuge bottles for 3 h at 4 °C. Precipitated virus was collected by centrifuging at 1oooo g for 3o min at 4 °C and the supernatant fluids were discarded. After draining, the precipitate was resuspended in 3o ml TSE buffer (O'OI M-tris, pH 7"4, o'I5 M-NaC1 and 0-002 M-EDTA) and homogenized with a teflon tissue grinder. The suspension was clarified by centrifuging at 5ooo g for lO rain. The resulting supernatant fluid was layered over 3 ml cushion of 30 ~ (w/v) sucrose in TSE and centrifuged for 9 o min at 4oooo rev/min in a Spinco SW41 rotor. The pellets were suspended in 6 ml TSE buffer, homogenized, clarified by centrifuging, then layered on a lo ml gradient of potassium tartrate and glycerol (KT:GLY) in TE buffer. Virus preparations were centrifuged to equilibrium at 4oooo rev/min for I5 h at 4 °C in a Spinco SW4I rotor and the virus band was removed with a pipette and dialysed for 3 h at 4 °C against 4 1 of TE buffer. After a second similar centrifuging, the virus band was collected and passed through a 2o x 2"5 cm column of Sephadex G-5o to remove the potassium tartrate and glycerol. Column fractions containing virus were pooled and stored at 4 °C.
The purity of virus preparations was monitored at each step in the procedure by following the removal of added radioactively labelled host proteins. In addition, the ratio of infectivity to total protein was also determined. The level of purification obtained was 38o-fold based on the change in p.f.u./mg total protein and less than o.oooi ~ of the added host material remained after purification. Electron microscopy of purified virus suspensions revealed no detectable host material and the virus particles were intact. The overall recovery of infectivity ranged between zo and 30 ~.
To separate complete infectious B virus particles from defective T virus, 3 ml suspensions of virus eluted from the Sephadex column were loaded on a IO ml linear gradient of sucrose (Io to 3o ~ (w]v) in TSE buffer) in a Spinco SW4I centrifuge tube. The tubes were centrifuged at 35ooo rev/min for 3o rain at 4 °C and the virus bands were collected. cipitated in ~o ~ (w/v) trichloroacetic acid and the precipitates were recovered by cenmfuging at T3ooo g for 3o min at 4 °C. Each pellet was washed once in absolute ethanol, centrifuged by the method described above, then dissolved in o'5 ml of o-oI M-sodium phosphate buffer, pH 7"o, containing 2"5 ~ (w/v) SDS, 5 ~ (v/v) 2-mercaptoethanol, and Io ~ (v]v) glycerol. After the solution was heated at Ioo °C for 3 min, bromophenol blue tracking dye was added (o.ooi ~) and samples of no more than o-m ml loaded on to appropriate acrylamide gel columns. Polyacrylamide gel electrophoresis was performed by two different methods.
(I) A continuous gel system containing SDS and sodium phosphate buffer, pH 7"0 (CONT-SDS), was formulated essentially as described by Maizel 0971). Eight per cent gel mixtures were prepared by combining I vol. of a solution containing I6 ~ (w/v) acrylamide, 0. 4 ~ N,N'-methylenebisacrylamide, 0.2 ~ SDS, and I M-urea in o.2 M-sodium phosphate buffer (pH 7"o), with an equal vol. of catalyst solution (o.Io g ammonium persulphate and o.o8 ml N,N,N',N' TEMED in 50 ml water). Cylindrical gel columns were cast by pipetting 3 ml of the unpolymerized gel mixture into a precision bore silicone-coated tube (I5 cmx 0.6 cm interior diam.) and carefully over-laying with water. After polymerization, the water was removed, and the gel was loaded with a protein sample and the electrophoresis chamber filled with electrode buffer (o-r ~o SDS in o.I M-sodium phosphate buffer, pH 7"o). Electrophoresis was performed at a constant current of 4 mA/gel for 17 h with a current-regulated power supply. Under these conditions the tracking dye migrated about Io cm into the gel.
(2) A discontinuous gel system containing SDS-tris buffer (DISC-SDS) was prepared according to Laemmli 0970) and contained a stacking gel on top of a resolving gel. The to cm resolving gel of ~o ~ (w/v) acrylamide, 0.27 ~ N,N'-methylenebisacrylamide in 0"375 M-tris, pH 8"9, o.I ~ SDS and 0"5 M-urea was polymerized in the presence of o-o25 ~o TEMED and o'o7 ~ ammonium persulphate. The I cm stacking gel contained 3.6 ~ (w/v) acrylamide, 0.08 ~ bisacrylamide, oq ~ SDS, o'5 M-urea, o'o3 ~o TEMED, and o.o8 ammonium persulphate dissolved in o-Iz5 M-tris buffer, pH 6-8. The electrode buffer (pH 8.3) used was o'o5 M-tris, O-384 M-glycine and o.I ~ SDS, and the gels were electrophoresed at 2. 5 mA/gel for 4 h.
After electrophoresis, each gel was sectioned by extruding o-8 mm fractions from the tube with a screwdriven plunger and slicing the section off with a razor blade. The distribution of labelled proteins was determined after digestion of the gel slices for 12 h at 60 °C with o. 5 ml of 3o ~o (v/v) hydrogen peroxide in a sealed scintillation vial. Subsequently Io ml of toluene-Triton X-I oo scintillation cocktail (Turner, 1968) was added and radioactivity due to [3H] and [14C] was determined in a Packard Tri-Carb liquid scintillation spectrometer.
Mol. wt. of virus proteins were estimated in both the 8 ~ CONT-SDS and the IO DISC-SDS gel systems by the procedure of Weber & Osborn 0969). Proteins of defined tool. wt. (cytochrome C, myoglobulin, chymotrypsinogen, ovalbumin, bovine serum albumin, lactoperoxidase, and human immunoglubulin G) were prepared and electrophoresed as described above, and the results were used to determine the relative electrophoretic mobilities of the virus proteins. In both gel systems a plot of the logarithm of mol. wt. versus the relative electrophoretic mobility yielded a straight line for proteins ranging from 2oooo to 9ooo0. Proteins less than 2oooo mol. wt. did not migrate in agreement with this rule in the DISC-SDS gel system. was grown in BHK 21 cell cultures and purified as described in the text. A 3 ml sample of virus from an initial KT: GLY gradient was dialysed against TE buffer and was recentrifuged on a second equilibrium:viscosity gradient for 18 h at 4oooo rev/min at 4 °C in a Spinco SW 4[ rotor. 0"5 ml fractions were collected from the bottom of the tube, and o.Io ml samples were Used for radioactive counting, infectivity titration (0 0), and density determination.
RESULTS
Potassium tartrate : glycerol gradient sedimentation
VSV Indiana was sedimented in combination equilibrium: viscosity gradients of potassium tartrate and glycerol (Fig. I) . A single coincident peak of radioactivity and infectivity was found at fraction number I I. Identical results were obtained with VSV New Jersey, Chandipura virus, and Piry virus. Density measurements gave a value of I.I 9 g/ml, which was in good agreement with the density of 1.2o g/ml reported by Wagner et al. I969, for VSV Indiana B and T particles.
Identification of the virus glycoproteins
To determine whether Piry and Chandipura viruses contained a glycoprotein similar to VSV Indiana (Burge & Huang, I97o; Wagner, Snyder & Yamazaki, ~97o) and VSV New Jersey (Wunner & Pringle, I972) 
each virus was grown in BHK zI cells and labelled with [3H]-glucosamine or [14C]-amino acids. Purified mixtures of [3HI-and [14C]
-labelled homologous viruses were extracted for proteins, and the proteins were resolved by CONT-SDS polyacrylamide gel electrophoresis. Only one protein, the G protein, was found to possess labelled glucosamine (Fig. 2) . From these electropherograms it appeared that the glycoproteins of Chandipura and Piry viruses migrated slower than those of VSV New Jersey or VSV Indiana. All four viruses were found to contain two other major proteins (for VSV Indiana and New Jersey the N and faster-moving M proteins). It appeared that both Piry and Chandipura viruses possessed similar N and M proteins, and although their intravirus associations were not established, it is assumed that they were of similar function and are hereinafter given a similar nomenclature.
Our preparations of VSV Indiana contained a minor protein (NS) which electrophoresed between the N and M proteins (Mudd & Summers, 197o ) . A similar protein was evident in the VSV New Jersey preparation. Although such minor proteins were not found in the Piry or Chandipura preparations, their absence cannot be assumed since they could have co-electrophoresed close to, or together with, the N or other proteins (see 
Co-electrophoresis of heterologous virus proteins A. Mixtures of VSV Indiana with VSV New Jersey, Chandipura or Piry
The electrophoretic profiles in Fig. 3 were obtained when [aH]-labelled VSV New Jersey, Piry virus, and Chandipura virus were co-electrophoresed with [x~C]-labelled VSV Indiana by using either the CONT-SDS or the DISC-SDS acrylamide gel system. With the CONT-SDS system (Fig. 3 A, 3 B, 3 C) , the G protein of VSV New Jersey, Chandipura virus and Piry virus migrated slower than the corresponding protein of VSV Indiana, whereas their M proteins migrated faster. No large differences in the electrophoretic mobility of the L and N proteins of these viruses were noticed except for the nucleocapsid protein of VSV New Jersey, which moved slightly slower than its counterpart in the Indiana serotype (Fig. 3 A) .
By co-electrophoresis of the same virus mixtures in DISC-SDS gels (Fig. 3A* , B*, C*), the N proteins of VSV New Jersey, Chandipura virus and Piry virus migrated slower than the nucleocapsid protein of VSV Indiana. The Chandipura and Piry glycoproteins also Electrophoretic conditions were the same as those in Figs. 2 and 3. migrated slower than the G protein of VSV Indiana. Unexpectedly, the G protein of VSV New Jersey migrated faster than the VSV Indiana glycoprotein when this gel system was used. The NS protein of VSV Indiana virus, which migrated faster than the N protein in CONT-SDS gels (Fig. 3A) , apparently electrophoresed more slowly and was located between the G and N proteins in the DISC-SDS gels. Furthermore, the NS protein of VSV New Jersey was not resolved by this electrophoretic system and presumably coelectrophoresed with the N or G proteins. The L proteins of all four viruses co-migrated. As in the pH 7"o, CONT-SDS system, the M protein of VSV Indiana was slower than the corresponding protein of the other three viruses.
B. Mixtures of Chandipura and Piry
The proteins of Chandipura and Pity viruses were also compared by co-electrophoresis in both CONT-SDS and DISC-SDS gels (Fig. 4) . The Piry glycoprotein migrated more slowly than the corresponding protein in Chandipura with the CONT-SDS system ( xo ~ discontinuous-SDS gel system * Mol. wts. were estimated by comparing the electrophoretic mobility of virus proteins with that of proteins of known tool. wts. in equivalent parellel SDS-polyacrylamide gels.
t Not detected.
4A), but identically in the DISC-SDS system (Fig. 4B) . The N and M proteins exhibited similar electrophoretic mobilities in the CONT-SDS gels, although in the DISC-SDS gel system both the N and M proteins of Piry moved slower than their counterpart proteins in Chandipura. The L proteins of either virus comigrated in both systems.
Mol. wt. of virus proteins
Mol. wt. estimations of the virus proteins for all four viruses in the two different electrophoretic systems are tabulated in Table I . These values reflect the mean obtained from ten separate determinations in each gel system. These tool. wt. estimations may be compared to those for VSV Indiana recently reported by Wagner et al. 0972) .
T particles of Chandipura and Piry viruses
To determine the propensity of Chandipura and Piry viruses to produce defective T particles during infection as VSV Indiana does (Hackett, t 964; Crick, Cartwright & Brown, ~966) , cloned preparations of each virus were serially passaged in BHK 2t cells four times using undiluted inocula. The final infection of virus was performed in the presence of [14C]-amino acids and [3H]-uridine. Two distinct virus bands were observed by sucrose gradient velocity centrifuging for either virus (Fig. 5) . In both cases infectious virus was associated with the faster sedimenting peak (B particles). Electron microscopy of these preparations indicated that the faster sedimenting band contained characteristic B particles of I8o x 7o nm, whereas the slower sedimenting virus band contained short particles (T particles) of 7o to 9o x 7o nm.
Structural proteins of Chandipura and Piry particles
Non-infectious T particles of Chandipura and Piry viruses contained the same four structural proteins as their corresponding B virus particles when purified preparations of differentially labelled particles were co-electrophoresed in ~SONT-SDS gels (Fig. 6) . When electrophoresis was performed in DISC-SDS gels, the same result was obtained. These results are in agreement with the finding of Wagner et al. 0969) , that B and T particles of VSV Indiana contain the same structural proteins. 
DISCUSSION
In this report we have shown that distinct differences can be detected between the virus particle structural proteins of VSV Indiana, VSV New Jersey, Chandipura virus and Piry virus when two different electrophoretic systems are used. Recently Wunner & Pringle 0972) also demonstrated differences between VSV Indiana and VSV New Jersey proteins by using a CONT-SDS gel electrophoresis system. The advantages of analysis of virus particle-proteins by more than one gel electrophoresis system are evident (Obijeski et al. I973), particularly where minor differences noted by one system can be resolved into clear differences by another (as for example in the resolution of the nucleocapsid and M proteins of all four viruses presented here).
Two points of interest emerge from these results. All four viruses possess minor proteins in addition to three principal structural proteins. Since all four viruses contain an RNA polymerase activity (D. H. L. Bishop, J. F. Obijeski, H. G. Aaslestad, F. A. Murphy and H. F. Clark, unpublished observations), it is tempting to suggest that these minor proteins are related to such enzyme functions in the virus particles. Secondly, the NS protein of VSV Indiana migrated differently in the two electrophoretic systems (Fig. 3) . Since the NS protein of VSV Indiana has recently been found to be a phosphoprotein (F. Sokol, personal communication), it is possible that at the high pH (8"9) used in the DISC-SDS system, anomalous binding of SDS molecules to the phosphoprotein takes place. Consequently, this protein could have a lower net negative charge at the higher pH and a concomitent reduction in electrophoretic mobility. The NS protein of VSV New Jersey was not resolved in DISC-SDS gels (Fig. 3) , which could reflect a different degree of phosphorylation and binding of SDS in this protein. No NS-like protein was detected in the electropherograms of Chandipura and Piry viruses (Fig. 3) . However, in CONT-SDS gels stained for protein with Coomassee brilliant blue, a faint protein band has been observed which migrated very close to the N protein of these viruses (unpublished observations). It is obvious that factors other than size enter into the migration of some proteins in SDS-polyacrylamide gels.
The differences in the electrophoretic mobilities of the G protein of VSV New Jersey (Fig. 3 A and 3 A*) and the glycoproteins of Chandipura and Piry viruses (Fig. 4) in CONT-SDS and DISC-SDS gels was unexpected. Other investigators have also reported anomalous Although not shown, a slightly slower migration rate of the Chandipura L protein was detected with protein stained gels when Chandipura virus was co-electrophoresed with either VSV Indiana or Pity virus. In this instance, better resolution was obtained by staining the gels than by conventional slicing and radioactive counting techniques.
We have found that combination equilibrium:viscosity gradients of potassium tartrate and glycerol are useful for the purification of animal viruses. Apparently cellular material of low density, such as plasma membranes, are retarded from diffusion or sedimentation at the top of the gradient because of the high viscosity of the glycerol while higher density materials (e.g. viruses) are able to pass through and band at their respective densities in the potassium tartrate (Barzilai et al. I972) . We have successfully used these gradients to purify other animal viruses such as rabies, influenza, mokola, herpes and Lagos bat viruses as well as picornaviruses, and even rickettsial agents.
